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ABSTRACT 

Laboratory experiments were carried out to investigate the effect of  two bacterial commercial 

products of Bacillus thurimgiensis (Dipel – 2x and Protecto ) on the newly hatched larvae of 

Phthorimaea operculellal at four concentrations (0.15, 0.30, 0.45 and 0.60 g/100ml water).The results 

showed that the percentages mortality of newly hatched larvae were increased by increasing the 

applied concentration. LC50 and LD90 values were calculated for bacterial and viral product. 

Significant positive relationship between dose levels and the percentage of adult emergence was 

obtained. Fecundity and fertility were significantly decreased by the increase of dose levels. Protecto 

gave (4.4 %) malformed larvae and no malformed larvae was obtained with Dipel-2x. On the other 

hand, using the radiation doses (10, 30 and 40 Gy) combined with LC50 of Protecto gave synergistic 

effect for the tested compound. The results indicated that the percentage of larvae survived to adults 

was reduced as the radiation doses increased. The longevity of adults was decreased by increasing the 

doses of radiation and concentrations of Protecto. 
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INTRODUCTION 

The potato tuber worm, Phthorimaea operculella Zeller is one of the destructive pests of potato 

plants and tubers, Solanum tuberosum L. in both field and storage. This pest may attack other 

solanaceous truck crops in Egypt, such as egg-plant (Solanum melongena L.), Tomato (Lycopersicum 

esculentum) and pepper (Capsicum annum L.). According to Attia and Matter (1939) this species was 

first recorded in Egypt in 1918. 

The larvae of this pest, Phthorimaea operculella mine into the leaves and stems of young plants, 

and bore into the tubers as soon as they are formed. During storage the damaged tubers rot and loose 

viability and consumer acceptance. The moth is a fairly strong flier and can fly from infested tubers in 

storage and from neglected small lots in warehouse and farms to fields, where it causes pre- harvest 

infestation since the life- cycle is, under ideal conditions, about 22-26 days, there are several 

generations in one year and the damage is consequently heavy. Because the larvae pass a major part of 

their life inside tubers, conventional means of control are not very successful. Irradiation offers a 

promise of control. 

The efficient control and the removal of insects from food commodities has long been the goal 

of producers and processors. Although many methods of control are now being used, the food industry 

is continually seeking safer and more economical means. The common method that is widely applied 

for tuber disinfestations is by chemical insecticides, but their extensive use has directly led to many 
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problems such as the presence of undesirable residues which are considered a potential health hazard, 

development of insect resistance or tolerance to chemicals and chemical fumigations fails to kill the 

larvae that live inside the stored tubers. 

MATERIALS and METHODS  

Rearing of the potato tuber moth larvae of:  

The insects were kept in wire gauze rearing cages (75 x 30 x 25 cm), containing a suitable 

amount of potato tubers, which were previously washed with tap water and thoroughly dried between 

various layers of filter papers. Clean tubers were left in a clean dust free container for a few hours, to 

ensure the complete cleanliness of the tubers from dust, insecticide residues or any related parasites. 

Each rearing cage was provided with Petri- dishes (9 x 1.5 cm) containing cotton wool soaked in 5% 

sugar solution, which was renewed daily. Stock culture was kept at a room temperature of 29±1°C 

(Lioyd, 1943) and relatively humidity of 60 – 65 % (Hemeida, 1976). 

Eggs were collect from oviposition cages, which contained an equal suitable number of males 

and females (not less than ten pairs). The oviposition cage, a conical shape, was composed of chimy 

glass (8cm x 16cm) the lower rim of which rests on the bottom of a Petri – dish lined with a disk of 

filter paper, and the upper rim covered with muslin secured by rubber band. The eggs laid on the 

muslin cover were collected in specimen tubes (1 x 3 inches) and incubated at 29 ± 1°C and 60-65 

%R.H. 

Newly hatched larvae were collected daily with a fine camel- hair brush and transferred to 

Petri – dishes, containing small slices of potato. Potato slices were press thoroughly and gently 

between two discs of filter paper to remove excess soup, to avoid drowning of the larvae into the sap 

ppzing from them. Food was change every 3-5 days. 

Fully-grown larvae from the stock culture were collected and sexed. Sexing was easily 

accomplished from the fourth instar. Sexed insects were kept in Petri- dishes containing a thin layer of 

clean sand for pupation. Pupae were collected by gently sieving sand and kept in rearing cages. 

Pupae, used for experimental purposes, were kept separately in a 1 x 3 inch specimen glass 

tube covered with muslin, secured by rubber band, until adults emergence, to ensures its virginity 

(Haiba, 1990). 

Entomopathogenic bacteria: 

Two commercial products of Bacillus thuringiensis were used (namely, Dipel-2x and 

Protecto) and tested for their bioinsecticidal activities against the larvae of Ph. operculella. 

Dipel-2x and Protecto a wettable powder product of the spore- x endotoxin complex of B. 

thuringiensis subsp. Kurestaki (each containing 32.000 international units potency per mg IU/mg). 

The recommended concentrations for application for two product are 0.15, 0.30, 0.45 and 0.6 gm / 100 

ml water. These products were obtained from the Plant Protection Research Institute, Ministry of 

Agriculture, Cairo, Egypt. 

            Potato tuber washed with tap water and thoroughly dried between various layers of filter paper 

and dipped for 5 seconds in a series of both B. thuringiensis (as Dipel-2x and Protecto), Granuolosis 

virus as Virtecto and Nuclear Polyhedrosis virus as Viroset at concentration of (0.15, 0.30, 0.45 and 

0.60 gm / 100 ml water) treated tuber were allowed to dry for 1 hour and were given to larvae. 
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The newly hatched larvae were collected from the rearing stock with the aid of a fine camel- 

hair brush and divided into 5 groups each of 45 larvae. Each group of 45 larvae was dividing into 3 

replicates each of 15 larvae and house in cloth covered plastic jars. The first group was given untreated 

tuber as control and the others were given treated tubers with Dipel-2x and Protecto concentrations. 

 The larvae were allowed to fed on treated tubers to complete there larval stage. The 

jars kept at 25 ± 1 °C and 70 % ± 5 R.H. The rate of larvae, pupal and adult development, percent of 

mortality of each stage and different biological effects were recorde to evaluate the longevity of larval, 

pupal and adult stage. After that the LC50 and LC90 for 2 commercial biocides were calculated and 

repeat the experiment in the same way. 

RESULTS and DISCUSSION  

 Results in Table (1) showed the corrected mortality percentages of larvae and mean larval 

duration of Ph. operculella after feeding on potato tuber treated with different concentrations of both 

Dipel–2x and Protecto. Results indicated that the mortality rates were increased with increasing 

concentrations and the time elapsed after treatment. 

 It was appeared from the results of table (1) that the highest percentages mortality of larvae 

(100 and 97.78 %) were recorded with the highest concentration (0.60 gm / 100 ml water) of both 

Dipel–2x and Protecto respectively. The shortest larval duration recorded were (24.83 and 23.9 days) 

when the concentration of Dipel -2x and Protecto (0.45 gm/100 ml water) were used respectively. 

 The diseased larvae of Ph. operculella infected by commercial bacteria of B.thuringiensis 

showing symptoms of less appetite, became inactive and stopped feeding. Their bodies turned 

brownish black, shrinkage and dwarfed in length leading the body into crescent shape. Larvae suffer 

from general paralysis and became malformed and finally died within few days.  

 The present results were in agreement with those obtained by Mathur et al. (1994), 

Puntambakar. et al ( 1997), Abdel- Megeed. e.t al.(1997), Brousseau et al.( 1998), Das. et 

al.(1998), Hassani et al.(1998), Mohamed A et al .(2000), Romeilah and Abdel- Megeed (2000), 

Ben- Dov et al.(2003), Ibrahim W.G(2004), Khoja et al. (2005) and Lacey and Kroschel (2009). 

Thus the obtained results reveal that Dipel – 2x was more effective than Protecto on the tested insect. 

Table (1): Corrected mortality percentages of larval stage of Ph. operculella (Zeller) induced by feeding 

newly hatched larvae on potato tuber treated with four concentrations of Dipel-2x and 

Protecto. 

Compo 

 

Conc. 

Dipel – 2x Protecto 

M. no.  

of larvae 

Corre. m. of 

larvae 

Larval 

duration 

(days) 

M. no.   of 

larvae 

Corre.m. of 

larvae 

Larval 

duration 

0.15 5.33±0.33 35.55 28.68±0.26 7.6±0.66 51.11 24.4±0.46 

0.30 7±0.57 46.67 26.25±0.43 9.3±0.88 62.22 23.6±0.34 

0.45 11±  1 73.33 24.83±0.18 11.3±0.3 75.55 23.9±0.51 

0.60 15±0.57 100 0 14.6±0.3 97.78 25±0.22 

Cont. 0 - 18.45±0.31 0 - 18.450.31 

L.S.D.5%:                                         0.87                                            1.22 

5
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         Data presented in Tables (2) Clearly  showed that feeding the one day old larvae (one day old) of 

Ph. operculella on potato tuber treated with different concentrations of both Dipel – 2x and Protecto, 

reduced the percentages of pupations until reached (0.0) at the highest concentrations (0.60 gm /100 

ml water ). The percentage reduction of the pupation recorded were 100% when the high 

concentrations of two tested compound were used. 

Table (2): The effect of feeding Ph. operculella Ph. operculella newly hatched larvae on potato tuber potato 

tuber treated with Dipel-2x and Protecto. 

Compo 

 

 

Conc. 

Dipel – 2x Protecto 

M. no  of 

pupae 

% pupation pupal 

duration 

(days) 

Red. % of 

pupation 

M. no. 

of 

 pupae 

% 

pupation 

pupal 

duration 

(days) 

Red. % 

of 

pupation 

0.15 9.3±0.3 64.4 9.89±0.47 35.55 7.3±0.57 46.6 8.57±0.07 53.33 

0.30 8 ±1.15 51.1 8.33±0.14 48.89 5.6±0.33 33.3 9.9±0.41 66.67 

0.45 4 26.6 10.17±0.36 73.33 3.6±0.33 15.5 8.1±0.36 84.44 

0.60 0 0 0 100 0.3±0.33 0 0 100 

Cont. 15 100 6.75±0.13 0 15 100 6.75±0.13 0 

     L.S.D.5%:                              0.88                                                  0.71 

 The same trend was observed in the percentages of adults emergence when the first larval 

instar fed on potato tuber treated with different concentrations of both Dipel-2x and Protecto (Table 

3). The percentages reduction of adult emergence recorded were 100% at the highest concentrations 

(0.60 gm / 100 ml water) of both Dipel -2x and Protecto. 

        These results are in agreement with those obtained Mohamed et al .(2000), Romeilah and 

Abdel- Megeed (2000), Ben- Dov et al.(2003), Ibrahim (2004), Khoja et al. (2005) and Lacey and 

Kroschel (2009). 

Table (3): Accumulated percentages of adult emergence, mean of adult longevity and reduction 

percentages of adult of Ph.  operculella induced by feeding newly hatched larvae on potato 

tuber treated with four concentrations of Dipel-2x and Protecto. 

 

Compo 

 

 

Conc. 

Dipel – 2x Protecto 

M. no 

of 

adult 

% of adult 

emergence 

Adult 

longevity 

(days) 

Red. % of 

adult 

emergence 

M. no 

 of  

adult 

% of adult 

emergence 

Adult 

longevity 

(days) 

Red. % of 

adult 

emergence 

0.15 6±0.57 40 7.78±0.1 60 6 ± 1 40.0 6.72±0.22 60 

0.30 5.6±0.3 37.7 5.82±0.05 62.22 3.33±0.3 22.2 5.31±0.16 77.78 

0.45 1± 0.57 6.7 3.910.25 93.33 0.66±0.33 4.44 4.83±0.04 95.55 

0.60 0 0 0 100 0 0 0 100 

Cont. 15 100 8.23±0.26 - 15 100 8.23±0.26 - 

  L.S.D.5%:                            1.49                                                                          0.55   

 

 

5
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Table (4): The effect of  LC50 and LC90 values of the two compounds on different biological aspects of  Ph. 

operculella.  

 

LC50  

       Stages 

 

 

 

      Comp. 

 

Larvae 

 

Pupae 

 

Adult 

%Corre. 

m. 

Duration 

(days) 

M. no.  

of 

pupae 

% 

Pupation 

Duration 

(days) 

%Red.  M. no 

.of 

adult 

% 

emerg. 

Longevity 

(days) 

%Red.  

Dipel 63.89 28.61±0.12 5.3±0.3 35.55 8.31±0.02 64.44 3.2±0.1 21.11 7.62±0.11 78.89 

Protecto 71.67 24.04±0.35 3.5±0.3 23.88 9.27±0.08 76.11 2.5±0.2 16.67 5.83±0.28 83.33 

Control  0 18.45±0.04 15 100 6.75±0.23 0 15 100 8.23±0.09 0 

L.S.D.5%:                 0.64 1.9  0.53  1.07  0.45  

LC90 

Dipel 88.89 14.31±0.04 1.3±0.3 8.88 8.69±0.11 91.11 0.3±03 2.22 1 97.77 

Protecto 91.11 14.25±0.02 0.6±03 4.44 0 95.55 0 0 0 100 

Control 0 16.36±0.01 15 100 6.75±0.27 0 15 100 8.23±0.24 - 

L.S.D.5%:   0.65             0.93  0.54  0.81  0.88  

LC50 (Dipel-2X= 0.28, Protecto= 0.16)  

LC90 (Dipel-2X= 0.56, Protecto= 0.54) 

From the results, of (Table 4) it could be concluded that the all concentrations of Protecto was 

better than Dipel-2x for controlling Ph. operculella when treated as first instar larvae.  

                                                 

The results summarized in Table (4) showed clearly that the highest corrected mortality 

percentages and the larval duration were 71.67% and 24.04% resp, actively the larvae of Ph. 

operculella were fed with different concentration of Protecto. These results were pointed to that the 

larval stage was greatly affected by Protecto. 

Data of table (4) indicated that Dipel- 2x was less effective on larvae of  Ph. operculella than 

Protecto from percentage of pupation, (35.55%) and mean of pupal stage ( 8.3 days). Point of view. 

Mean while the highest percent reduction of pupation (76.11%) was obtained after feeding the larvae 

of Ph. operculella with Protecto. The highest percentage of adult emergence was 21.11 % when Dipel 

was used followed by Protecto (16.67 %).  

 Data presented in Table (4) clearly showed that the concentrations of the two tested 

compounds (Dipel- 2x and Protecto) kill 90 % of the treated larvae (LC90). It can be noticed that the 

highest mortality percentages (91.11%) were achieved with the use of Protecto followed by Dipel-2x 

(88.89%). 

 The latent effects of gamma radiation combined with Protecto and the combination on the 

biological aspects of Ph. operculella were studied. In this work the pupae of Ph. operculella (male 

and female) 5- d- old  were irradiated at a dose of 10 Gy, after that the adults emergence of both sexes 

were coupled with the opposite untreated adults. The newly hatched larvae were put on tuber treated 

with (LC50 = 0.17) of Protecto. Data in Table (5) indicated that the percent corrected mortality of 
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larvae after 24 days were 64.44% and 68.89% when coupled between treated and untreated adults with 

10 Gy and Protecto  resp. Larval durations of males and females were prolonged in the combined 

treatments comparing with the control, the larval duration were 22.64 and 23.27 days to Protecto with 

10 Gy of gamma radiation. 

     The percentage of pupation of Ph. operculella was slightly reduced. The reduction was 68.89% in 

10 Gy and LC50 treatment of Protecto in comparison with the control (0%). Pupal durations of male 

and female were prolonged in combined treatments comparing with the control. The duration of pupae 

were 9.96 and 9.36 days to 10 Gy with Protecto resp. as compared to 9 days for control, Table (5). 

     The highest reduction was 71.11% when treated pupae of Ph. operculella with 10 Gy and protecto 

and coupled with untreated adults. Adult's longevity in both male and female were reduced in 

combined treatments comparing with the control. The adults stages were 6.23 and 6.71 days to 

Proterto and 10 Gy resp. Table (5). 

     Data in Table (5) also indicated that the corrected mortality percentages (24 days) were 71.11% and 

80.0% when coupled between treated and untreated adults with 30 Gy and Protecto resp. Larval 

durations in both male and female were prolonged in the combined treatments comparing with the 

control, the larval duration were 25.22 and 25.19 days to Protecto with 30 Gy of gamma radiation 

when pupae of Ph. operculella treated with 30 Gy.  

     The percentage of pupation of Ph. operculella was slightly reduced. The reduction was 73.33% and 

80.0% in 30 Gy and LC50 treatment of Protecto in comparison with the control. Pupal durations of 

males and females were prolonged in combined treatments comparing with the control. The pupal 

stage was 9.95 and 10.19 days to 30 Gy and Protect resp. as compared to 9 days for control Table (5). 

     The high reduction was 80% when treated pupae of Ph. operculella with 30 Gy and protecto and 

coupled with untreated adults. Adult's longevity in both male and female were reduced in combined 

treatments comparing with the control. The adult's stages were 4.31 and 4.87 days to Proterto with 30 

Gy gamma radiation resp. 

The percentage of corrected mortality after (24 days) were 84.44% and 91.11% when coupled 

between treated and untreated adults with 40 Gy radiation and Protecto resp. Larval durations of 

males and females were prolonged in the combined treatments comparing with the control, the larval 

duration were 26.25 and 25.67 days to Protecto with 40 Gy.  

     The percentage of pupation of Ph. operculella was slightly reduced. The reduction was 91.11% in 

40 Gy and LC50 of Protecto in comparison with the control. Pupal durations of males and females 

were prolonged in combined treatments comparing with the control. The pupal stages were 10.13 and 

10.66 days to 40 Gy with Protecto resp. as compared to 9 days for control Table (5). 

     The highest reduction was 93.33% when treated pupae of Ph. operculella with 40 Gy and Protecto 

and coupled with untreated adults. Adult's longevity in both male and female were reduced in 

combined treatments comparing with the control. The adults stages were 3.33 and 3.82 to Proterto 

with 40 Gy gamma radiation resp.  

 Such results coincide with EL Sheikh, 1990, EL-Moursy et al. 1994, Ibrahim, 2003 and 

Essa et al. 2005 Hayat et al(2007). 
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Table (5): The combined effect of gamma irradiation (10, 30 and 40 Gy) with LC50 values of Protecto on different biological aspects of Ph. .operculella. 

Stages 

 

 

 

Comp 

Larvae Pupae Adult 

% 

Corre. m. 

Duration 

(days) 

M. no. 

of 

pupae 

% 

Pupation 

 

Duration 

(days) 

% 

Red. 

M.no. 

of 

adult 

% 

emerg. 

 

Longevity 

(days) 

% 

Red. 

10 Gy 

P♂ 64.44 22.6±0.13 5.33±0.3 35.55 9.9±0.19 64.44 5± 0.57 33.33 6.23± 0.07 66.67 

P♀ 68.89 23.2±0.05 4.67±0.3 31.11 9.3±0.08 68.89 4.3±0.33 28.88 6.71± 0.33 71.11 

Cont. 0 16±0.16 15 100 9±0.57 0 15 100 8.76 ±0.49 0 

30 Gy 

P♂ 71.11 25.2±0.06 4.3±0.33 26.66 9.9±0.28 73.33 4 ±0.57 26.66 4.31± 0.08 73.33 

P♀ 80 25.1±0.34 3± 0.57 20 10.2±0.2 80 3 ±0.57 20 4.87± 0.23 80 

Cont. 0 16±0.16 15 100 9±0.57 0 15 100 8.76 ±0.49 0 

40 Gy 

P♂ 84.44 26.2±0.51 2.3±0.66 15.55 10.1±0.2 84.44 2.3±0.66 15.55 3.33± 0.05 84.44 

P♀ 91.11 25.6±0.08 1.3±0.33 8.88 10.6±0.1 91.11 1 6.66 3.82± 0.41 93.33 

Cont. 0 16±0.16 15 100 9±0.57 0 15 100 8.76 ±0.49 0 

            P = Prote
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  استخذام اشعة جاما وبعض المركبات الحيىية فى مكافحة فراشة درنات البطاطساستخذام اشعة جاما وبعض المركبات الحيىية فى مكافحة فراشة درنات البطاطس

  نجىان فهمي محمذ زهران
1

هذاية اهلل محمىد سالم, 
1

إيمان محمىد هيبة ,  
1

مذيحة أبى المكارم , 
2 

لطفي عبذ الحميذ يىسف,  
2

 

1. . 

2

 

حعخبز حشزة فزاشت درَبث انبطبطس يٍ أهى انحشزاث انخي حصيب انعذيذ يٍ َببحبث انخضز في يصز ونهب انعذيذ يٍ األجيبل 

ونذنك قذ حى دراست حأريز اشعت جبيب وبعض انًزكببث انبكخيزيت عهً انحشزة فىحذ اٌ َسب انًىث في انيزقبث سادث بشيبدة . في انسُت

واَخفضج انُسبت انًئىيت نخعذر .عُذ اسخخذاو انخزكيش انزابع (في انبزوحكخى % 97.8في كم يٍ انذايبم ، % 100 )انخزكيش وكبَج 

انذايبم  انيزقبث انخي حى حغذيخهب عهً انذرَبث انًعبيهت بشيبدة انخزكيش حخً اَعذيج َهبئيب في انخزكيش انزابع نكم يٍ

اَخفضج َسبت خزوس انفزاشبث بشيبدة انخزكيشاث حيذ نى يخى خزوس اي فزاشبث في انخزكيش انزابع وكبَج في انخزكيش .وانبزوحكخى

. ( انبزوحكخى% 24.4، ، انذايبم % 6.67 )انزبنذ 

وببنُسبت نهخأريز انًشخزك نإلشعبع وانبزوحكخى وجذ اَت سادث انُسبت انًئىيت نًىث انيزقبث بشيبدة انجزعت وقذ أحضح أٌ 

انيزقبث انُبحجت يٍ حشاوجبث اإلَبد انًشععت كبَج َسبت انًىث فيهب اكبز يٍ انيزقبث انُبحجت يٍ حشاوجبث انذكىر انًشععت 

واَخفضج َسبت انخعذر وخزوس انفزاشبث بشيبدة انجزعت اإلشعبعيت وكبَج انفزاشبث انُبحجت يٍ يعبيهت اإلَبد أكزز حسبسيت نإلشعبع 

 .عٍ انفزاشبث انُبحجت يٍ يعبيهت انذكىر
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